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ABSTRACT

Chemical analogs of polyacetal and poly(vinyl phenol) mix exothermically as a result of
favorable hydrogen bonding equilibria. Melt-compounded polyacetal/poly(vinyl phenol) blends also
exhibit these favorable interactions leading to complete miscibility in the melt and in the amoirphous
phase. The interactions are sufficiently strong to promote miscibility between polyacetal and
styrene-vinyl phenol random copolymers which contain a majority of styrene (which is non-
interacting). Poly(vinyl phenol) and styrene-vinyl phenol copolymers are also miscible: with
polyketones, such as CARILON® polymer. Poly(vinyl phenol) was shown to be somewhat effective
towards improving the compatibility of immiscible blends containing CARILON polymer and Celcon
polyacetal.
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Investigations of Interactions and Miscibility in
Polyacetal/Poly(Vinyl Phenol) Blends and
Applications to Compatibilized Blends Contammg
CARILON: Polymer

by

J.M. Machado

INTRODUCTION AND SUMMARY

The information contained in this record is
part of a broad research program aimed at
developing useful and compatible blends
containing CARILON polymer. Part of this work
involved identifying favorable interactions
involving ketone groups which may drive mis-
cibility or compatibility in polyketone blends.
This was done by performing calorimetry-of-
mixing measurements on model compounds or
chemical analogs of the contemplated polymers.1

In performing this work, it was found that
phenol groups interact very favorably with
acetal functionalities. This led to the notion that
polyacetal, an important engineering thermo-
plastic likely to be competitive with CARILON
polymer, would be miscible with poly(vinyl
phenol), a polymer which D. L. Handlin showed
is also miscible with polyketone.2

This record contains four appendices which
chronicle this work. The first is a paper
published in Polymer which describes and
quantifies the strength of hydrogen bonding
interaction between polyacetal and poly(vinyl
phenol) chemical analogs and applies the binary

interaction model to predict the phase behavior
of homopolymer and copolymer blends. The
second appendix is a paper, also published in
Polymer, which demonstrates that melt-com-
pounded polyacetal/poly(vinyl phenol) blends are
miscible in-the melt and in the amorphous phase
of the solid. Other aspects of this blend system
are further described. The third appendix is a
paper accepted in Polymer Communications
which demonstrates that. polyacetal is miscible
with a styrene-vinyl phenol copolymer in
accordance with predictions based on the binary
interaction model. The fourth appendix is a WRC
MRS published in May 1991 which demonstrates
the application of the known phase behavior of
blends containing polyketone, polyacetal, and
poly(vinyl phenol) to produce compatibilized
polyketone/polyacetal blends having enhanced
tensile strength. The work described above has
also led to a number of patent applications in this
area.

REFERENCES
1. French,R.N,, TPR 310-89.
2. Handlin, D. L., U.S. Patent 4,812,522.
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Appendix I

Miscible Polyacetal - Poly(Vinyl Phenol) Blends:
1. Predictions Based on Low Molecular Weight Analogs






3
WRC 2436

MISCIBLE POLYACETAL - POLY(VINYL PHENOL) BLENDS:
1. PREDICTIONS BASED ON LOW MOLECULAR WEIGHT ANALOGS

‘R. N. FRENCH, J. M. MACHADO AND D. LIN-VIEN .

SHELL DEVELOPMENT COMPANY

P. 0. BOX 1380
HOUSTON, TX 77251-1380



‘4
WRC 2436 -

ABSTRACT

A chemical analog of poly(vinyl phenol) mixes exothermically with analogs
of polyacetal and poly(ethylene oxide), suggesting miscibility in the
case of blends' of poly(vinyl 'phenol): with ‘polyacetal and with
poly(ethylene -oxide). The interaction parameter -corresponding to the
poly(vinyl phenol) and the poly(ethylene oxide) analog mixtures agrees
well with an interaction parameter reported for the polymer mixtures,
which was based on the melting point depression of poly(ethylene oxide)
in blends with poly(vinyl phenol). FTIR spectroscopy indicates the
presence of strong hydrogen bonding between phenol and ether groups in
these analog mixtures.

Application of the binary interaction model predicts that a rather wide
ra?ge of styrene-vinyl phenol copolymers would exhibit miscibility with
polyacetal.
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INTRODUCTIO

Since the combinatorial entropy of mixing high molecular weight polymers
is small, miscibility between high molecular .weight polymers usually
requires exothermic mixing.! Direct measurements of the heat-of-mixing
of polymers are generally not practical.! 2 However, Paul et al. and
Walsh et -al.? 2 -have “shown ‘that the ‘heats-of-mixing of low molecular
weight ‘model- compounds is closely related :to the heat effect on ‘mixing
polymers which contain the 'same functional groups. Paul et al.? have
used the -interaction parameters derived from low molecular weight
chemical analogs in a binary interaction model to predict heat effects in
the corresponding polymer blends. L

Analog calorimetry and the binary interaction model have been primarily
applied to blends where interactions are not very strong or directionally
specific. When hydrogen-bonding or electron donor/acceptor interactions
exist, mixing thermodynamics may not be well described by a mean field
approach which considers only enthalpic contributions. Such interactions
undoubtedly create excess -entropic effects.. It is also questionable
whether strong interactions ‘in analog mixtures are quantitatively similar
to those in polymer blends. A recent study of blends of 'PMMA with
copolymers of styrene and acrylic acid identified differences in the
degree of hydrogen bonding among: analogs and polymers.é S R

Two approaches are available to represent the thermodynamics of strongly
interacting blends. Coleman and Painter have developed an association
model for blends of polymers that hydrogen-bond.® 7 8 Sanchez and Balasz
have incorporated directionally specific interactions into a compressible
lattice model.? Both models recognize entropic, as well as, enthalpic
effects.

We are interested in defining the capabilities of analog calorimetry and
the binary interaction model for predicting the phase behavior of blends
which exhibit strong interactions. The poly(vinyl phenol) / polyacetal
system has been chosen as a test case.

Belfiore et al recently reported miscibility in blends containing PVP and
another polyether, PEO.19 Analysis of melting point depression indicated
a large exothermic interaction. FTIR identified a high level of hydrogen-
bonding as the driving force for miscibility. ' o o

As the first member of the polyether family, polyacetal contains the
highest fraction of electron donor sites, and has the potential to
interact strongly with PVP. However, polyacetal is highly crystalline,
has ‘a high melting point, and is resistant to most solvents. This
suggests a high degree of self-association which must be overcome to form
miscible blends. No miscible blends involving polyacetal have been
reported. In contrast, PVP is miscible with a variety of oxygen- con-
taining polymers.!! In copolymers with styrene only a few percent of
vinyl phenol groups are required to achieve miscibilityl? with, for
example, PMMA. .

In thiS paper, we have applied analog calorimetry and the binary
interaction model to predict miscibility between polyacetal and PVP and
between polyacetal and copolymers of styrene and vinyl phenol. The
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approach of Coleman and Painter is also used to model polyacetal - PVP.
Interaction parameters derived from analog heats and reported from
melting point depression analysis in polymer blends are compared for the
PEO/PVP system. FTIR.spectroscopy of the analog solutions indicates the
presence of-strong hydrogen bonding .between phenol and ether analogs.

In the second paper of this series, we will present experimental evidence
of miscibility between polyacetal and :PVP based on thermomechanical
properties of blends and compare interaction parameters - derived from
polymers with those derived from their analogs. The third paper of this
series discusses blends of polyacetal with a copolymer of styrene and
vinyl phenol. _ B e

EXPERIMENTAL

Célorimetny'

The analogs used were dbtained from.Aldrich’andaare given‘in,TabIe:].
A1l chemicals were used as received. Heats-of-mixing at 25°C for each

system at several compositions were measured in a flow calorimeter from
Hart Scientific. . , _

Dimetﬁoxyﬁétﬁéhé and éthyl benzene are bothnliQUids at room temperature
and heats-of-mixing were measured directly. The heats were fit to the
van Laar expression to generate binary interaction parameters

BH/V = By,*6,*¢, ‘ . | . (1)
where ¢, and ¢, are volume fractions. |

Since 4-ethyl phenol is a solid at room temperature, highly concentrated
solutions of 4EP in the other analogs were prepared. The heats-of-mixing
these solutions against the pure liquid second analog were measured.
Fr?m.quif dilution experiments an apparent interaction parameter was
calculated: o

Sapp ™ A/ (V) o @
where solution B comprises analog 1 in analog 2 at Composition $;.
Solution A is pure analog 2. By assuming a parabolic shape to the

heat-of-mixing curve we calculate B,, from Bapp:

Byz = Byp/8 | | » ()

The B,, values are given in Table 2. The heats-bf-mixing are represented
as a }unction of volume fraction in Figure 1.

FTIR Spectroscopy

Solutions of 4EP in CCl1, at the concentrations of 0.0IM, 0.1M, and IM
were prepared for IR measurements to study the free OH stretching fre-
quency. The hydrogen bond interactions between 4EP and the analogs of
polyacetal and PEO, DMM and TEGDME, were investigated by taking the IR
spectra of the 4EP/ether mixtures in CCl,. To ensure that the hydrogen
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bonding between 4EP and DMM. (or TEGDME) is the dominant intermolecular
{interaction . in the 4EP/ether mixtures, we selected 0.01M as the. concen-
tration for 4EP. The concentrations of the ethers in the mixtures were
0.1M, 0.5M, and IM. The IR spectra of DMM and TEGDME were measured in
CCl, at the concentrations of 0.1 and 1M to locate the over-
tone/comblnatlon bands of these ethers in the 3700-3000 cm™! region.
‘Identifying these overtone/comblnatlon bands allows us to unamb1guous]y
_assmgn the H-bonded OH bands.

The IR spectra were obta1ned on a Nlcolet ZODXB FTIR sepctrometer with a
spectral resolution of 2 cm ! and 100 scans co- -addition. The path length
_of ‘the .IR cell is 0.5 mm for all spectra with the exceptlon of 1M 4EP for
~ which a 0.025 mm fixed path cell was used

RESULTS AND DISCUSSION
«Analog Calorimetry

The enthalpy of mixing versus composition curve, shown in. figure 1,
exhibits an approxamately parabolic shape as required by the van Laar
treatment. The maximum in the EGDME/4EP curve is shifted  from the
midpoint composition. For this system, the B,, values ca]culated from
equatlon 3 exhibit a slight concentration depen Jence The average va]ue
is reported in Table 2. ,

The endothermwc heats for DMM/EB and 4EP/EB indicate that b]ends of PS
with PAc and with PVP would be immiscible. The B,, value characterizing
the interaction between EB and 4EP is rather large and positive. This
suggests that miscibility windows in blends involving styrene - vinyl
phenol random copolymers arise in part from the unfavorable interaction
between these monomer units.

The large exothermic heats between 4EP and the two ethers (DMM and EGDME)
suggest a strong driving force for miscibility between PVP and both PAc
and PEO. FTIR spectroscopy, as described below, identifies hydrogen
bonds between the pheno11c hydroxyl group of PVP and the ether oxygens of
PAc and PEO as the origin of this favorable interaction. However, the B,,
values are not entirely determined by the extent of hydrogen bonding
between the ethers and phenol. Mixing involves a change from two pure
components to a homogeneous combination of the two. The enthalpy change
reflects the difference in enthalpy of the mixture from the average of
‘the two components. . Therefore, the strength of interaction in the mix
must be viewed relative to the interactions between the like molecules
-which it replaces. ' ’

The B,, values can be converted to Flory-Huggins x interaction parameters
if we assume a reference volume:

X12 = By,Vref/(RT) (4)

To maintain consmstency with the x parameter reported previously for
PEO/PVP, Vref is set equal to the repeat unit molar volume of PVP
(=100.0cm3).% For PVP/PAc we estimate x values of -1.3 and -0.9 at 25
and 170°C respectively. The latter temperature is approximately the
melting point of polyacetal. For PVP/PEO we calculate x values of -1.7
and -1.4 at 25 and 60°C respectively. Belfiore reports y = -1.5 based on
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3analys1s of the meltlng point depressmon of PEO “in ‘bYends with PVP over
‘the ‘range 70 to 50°C. " This is in exce]lent agreement Wlth the x va]ue
‘which was derived from the analog heats. : )

FTIR Spectroscopy

Figure 2 shows the IR Spectra of 4EP in CCI. at various concentratlons

The stretching frequency of the free -OH group at 3614 -cm ! is in ‘good
agreement with the previously reported spectral range for phenols.!3 No
self-association is observed for the 0.01M solution. The broad band near.
3480 cm ! in the spectrum of the 0.1M solution suggests the presence of
the dimeric 4EP formed through hydrogen bonding.13 14 -Further self-asso-
ciation occurs in the more concentrated solution of 1M as indicated by
the very broad IR band near 3335 cm!.

Figure 3 illustrates the IR spectra of 4EP/DMM mlxtures The broad ‘band
near 3393 cm ! can be reasonably attributed to the hydrogen bonded OH
absorption since it is not observed in the spectrum of 0 01M 4EP solution
and is very weak in the spectrum of IM DMM solution. The ‘intensity of
this H-bonded band increases at the expense of the- free OH 1ntenswty as
‘the DMM concentratlon increases.

S1m11ar results are found for 4EP/TEGDME m1xtures (F1gure 4) for whlch
the hydrogen bonded OH band occurs near 3365 cm !. However, the intensi-
'ty of the free OH band decreases at-a much faster ‘rate with the ether
concentration for TEGDME than for DMM. This is probably due to the fact
that there are more basic sites per molecule in TEGDME than in DMM. ~ In
addition, Drago!$ 16 has demonstrated that the hydrogen bond dissociation
energy can be estimated from the frequency shift of ‘the OH. stretchlng
from the free OH frequency by the following correlation:

-8H (kcal/mol) = 0.0103Av, (cm' ) +3.08

Table 2 summarizes the frequency shifts and the hydrogen bond dissocia-
tion energies for 4EP/DMM and 4EP/TEGDME systems, and for 4EP self-asso-
ciation. The AH values calculated from -the above equation appear to
agree Wlth the literature values for 51m11ar systems 14

Application of the Binary Interact1on Model

‘The heat-of-mixing of a premixed solution of analogs 1 and 2 with analog
3 simulates the enthalpic effect in mixing a random copolymer with a
homopolymer.!? The heats in such a ternary system can often be estimated
from a binary interaction model:

B =B,:4, + B,36, - B¢, ' (5)

where B is the observed heat effect in mixing the solution, and ¢, and ¢,
represent the compositions of the premix

We can model blends of styrene - vinyl phenol copolymers with PAc using
the B.. values listed in Table 2. For VP = 1, S = 2, and Ac = 3, the
1nter3€t10n parameters are B,, = 6.9, B,; = -7.6, and B,; = 1.5.
Analysis using equation S5 shows that v1ny1 phenol 1eve1s of 10%v or
greater in a copolymer with styrene produce net exothermic mixing (B <
0) in blends with polyacetal. Thus, on this basis, one would
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‘anticipate miscibility 'between . polyacetal and styrene/vinyl phenol
copoTymers which contgin”at;]east 10% vinyl phenol. e g o

The model predicts that miscibility is driven by the combination of a
strong favorable interaction between acetal and vinyl phenol units, a
relatively. weak unfavorable interaction between acetal and styrene units,
“and a strong unfavorable interaction between vinyl.:phenol .and styrene
units. i C A cenien. . L

To test the:applicability of equation 5 to. hydrogen-bonding systems, we
measured the heats-of-mixing dilute solutions of 4EP in EB against DMM.
A 4% solution of 4EP in EB mixes exothermically to form DMM-poor mixtures
and endothermically to form DMM-rich mixtures as shown in figure 2.4 5
‘The binary interaction model slightly overestimates the amount of phenol
needed to produce exothermic mixing, consistent with results on similar
systems measured in our laboratory. The model, therefore, provides a
conservative basis from which to predict the phase behavior of
homopolymer and copolymer blends.

Application of the Coleman - Painter apprbach

Coleman and Painter recently proposed an association model to represent
the phase behavior of polymer blends where one polymer self-associates
and the second polymer associates with the first.® & -Unlike the binary
interaction model, this approach does not assume mean field statistics
" for all interactions and explicitly considers both enthalpic and excess
entropic contributions to the excess Gibbs energy. Coleman and Painter
have applied this model successfully to blends of PVP and polymers
containing ester groups.!® 19 This model should apply as well to blends
of PVP with polyethers. However, the requisite equilibrium constant and
enthalpy to characterize the hydrogen bonding between polyethers and PVP
are unavailable.

Recently Coleman and Painter presented a. simplified approach to screen
for miscible blends, which embodies the main effects in their rigorous
model.2° The unfavorable dispersive contribution to mixing is estimated
from non-hydrogen bonding solubility parameters. This is compared to the
expected favorable contribution characteristic for a given class of
specific interaction. From group contributions the estimated solubility
parameters for PAc and PVP are 10.5 and 11.0 respectively. The estimated
solubility parameter for PAc falls within the range of values reported in
the literature.?! Strong hydrogen bonding should readily overcome this
relatively small difference in solubility parameters. Therefore, this
approach predicts miscibility between PAc and PVP.

CONCLUSIONS

Low molecular weight analogs of polyacetal and poly(vinyl phenol) exhibit
large exothermic heats of mixing. FTIR spectroscopy indicates that this
specific interaction arises from hydrogen bonding between the ether
oxygens and the hydroxyl group of the phenol. These results suggest a
strong thermodynamic driving force for polyacetal and poly(vinyl phenol)
to form miscible blends. :
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Low molecular weight analogs of PEO and PVP also show large exothermic
heats of mixing. This is consistent with the. reported. mlscibtlaty -of
PEO/PVP blends. A x parameter estimated from the analog ‘heats is in
excellent agreement with a X value derlved from analysus of - melt1ng pount‘
-depress1on 1n the blends. ~ : Shge o

Appl1catlon of the b1nary 1nteractlon model of Paul pred1cts that
copolymers of styrene and vinyl phenol containing approximately 10%. vinyl
phenol units will be thermodynamically miscible with polyacetal. The
binary interaction parameters are derived from the heat of mixing mea-
surements. This approach sllghtly overestimates the :amount of phenol
’needed to produce exothermac m1x1n9 of analog solutions.

Analysis using the recently proposed approach of Coleman and Paxnter
also predicts a strong drivang force for mlsc1b1l1ty between PAc and PVP.
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FIGURE CAPTIONS
Figure 1. H_é}ats‘-of-'ﬁl'iikin:g'o‘f .an‘ajlogs‘:: » o )
~ A) DMMvs. EB - 'B) 70% 4EP in EB vs. EB
')’ 64% 4EP in EGDME vs. EGDME
D) 50% 4EP in DMM vs. DMM

Figure 5. Heat-of-mixing of 4% 4EP in EB vs. DMM.
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0.01M 4EP + TEGDME|

0 15' | (in CCI‘4) |
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Figure 4.
*IR band due to TEGDME.
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Miscible Polyacetal - Polyvinyl Phenol Blends:
2. Thermo-Mechanical Properties and Morphology
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ABSTRACT

Blends containing polygcetal copolymer and polyvinyl phéno] were
prepared by melt compounding and investigated with respect to dynamic
mechdnical behavior, ﬁelting behavior, density, and morbhoiogy.
Complete miscibility was evidenced by a sing]e, composition-dependaht
glass transi;ionk temperaturg3riqtermediaté_ﬁbetwgen;fthose of the pure
components”andsﬁ sqb;tantja] depression of the melting point of -the

_crystalline phase. Analysis of the melting point depression yielded an
approximate interaction parameter, which was in excellent agreement
with that obtained from the calorimetric mixing of chemical analogues.
Also in suppport of miscibility was the observation of a significant
negative volume-of-mixing. . The emergence of a banded spherulitic
texture upon blending was also noted. The overall thermal behavior of
this miscible system was shown to conform to the theoretical model of

Yoon and Kumar.



.23
WRC 2436

" INTRODUCTION

" In the accompanying paper, we demonstrated favorable enthalpies of
mixing between acetal and phenol moieties “in low molecular weight
‘Cofﬁpounds which act ‘as chemical analogues for the title polymers.
~ These results were discussed ‘in terms of hydrogen-bonding interactions
" and were used to predict miscibility between polyacetal and polyvinyl
“ phenol. | : |
- polyacetal, or poly(oxymethylene), is a semi-crystalline engineering
" thermoplastic of considerable commercial importance. Despite fhis,
blends containing this polymer have received very sparse attention in
the literature, especially in comparison to other materials within this
class [1-5]. Furthermore, no clear case of miscibility in a
polyacetal-containing blend has been reported, although limited degrees
of compatibility with polyvinyl chloride, polyurethanes, and ionomers
have been described [3-5].

The present contribution concerns melt-compounded blends containing
a commercial polyacetal and two polyvinyl phenol homopolymers which
“d’i?ffer in molecular weight. Miscibility is evidenced by the continuous

composition dependance of the major thermal transitions.
EXPERIMENTAL

The materials used in this study are described in Table 1. The
polyacetal is an injection molding grade, copolymer-type material,
" Celcon M-90, obtained from Hoechst-Celanese. NMR reveals that this

copolymer contains 2-3% oxyethylene repeat units, the remainder being



2
WRC 2436

oxymethylene. The polyvinyl phen61 materials were a]sg}pbtgiggqyffom
Hoechst-Celanese and were characterized by GPC in N-methyl pyrrolidone.

. The blends were prepared by the me]t-compounding,of_preedrigd;powdér ‘
. blends wusing a Tlaboratory. scale Baker-Perkins lsvvmm}:cofpptating-
twin-screw extruder. The screw désigg” shown in Figure 1, i;_fully,
infermeshipg and self-wiping and includes a series of mixing paddles,
dgsigned‘for‘thg'thprough dispersion_of blendt;omponents. The extruder
was operated at 240°C barrel temperature and 300 RPM screw rotation.
The blends were subsequently compression molded at 230f§_inggw@1aques
‘which were 0.75 mm in thickness. The molded plaques were. subjected to
slow cooling between preheated Teflon sheets.

Dynamic mechanical analysis was performed on specimens derived from
molded samples. A Polymer Laboratories.DMTA.operating in the single
cantilever beam mode at a frequency of 10 Hz and a heating rate of
3°C/min was used. Calorimetric analysis was also performed on molded
samples using a Perkin-Elmer DSC-7 scanning at 20°C/min between -40°C
-and +220°C. Optical microscopy was performed on thin specimens
microtomed from the molded plaques. Specific volume measurements were
_performed . at 25°C in a density gradient column using sodium bromide

solution in distilled water.
RESULTS AND DISCUSSION
Dynamic Mechanical Behavior
The dynamic mechanical  spectrum of unblended polyacetal prepared

according to our protocol is shown in Figure 2. Three thermal

transitions below the melting point are in evidence. The transition at
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}125'C a, has been c]early assoc1ated w1th molecular motlon W1th1n the
f’crystalltne phase [6] The quest1on of whether the trans1t1on at
B -60 C, v, or the one at G‘C ﬁ, corresponds to the glass transltvon of
 the amorphous phase has been a matter of some controversy (6, 7] ~The
‘J'tran51t1on at -60 C is the domlnant one in the dynam1c mechanlcal
spectrum. However, the value of -6 C isv cons1stent W1th the
'“‘extrapolatlon of Tg s Nlthln the homologous ser1es of po]y(a]ky]ene
fethers) and with the overall dynamic mechan1ca1 behavror of a serles of
po]yaceta] copolymers which vary in oxyethylene content [8] The
- assignment of the glass trans1tlon temperature assoc1ated with the
’amorphous phase of polymers wh1ch possess a‘ h1gh degree of
‘crysta111n1ty is very often an amblguous and controuers1a1 matter. At
present, we prefer to associate the B trans1t10n which we observe at
-6°C with the glass transition of polyacetal. |
The dy’nam‘i‘c' mechanical spectra of the unblended polyvinyl phenol
homopolymers could not be obtained because these materials were
excessively brittle. Nevertheless, the glass transition temperatures of
these wholly amorphous materials could be unequivocai]y identified by
d1fferent1a1 scannlng calorlmetry and are given in Table 1 He expect

that the equivalent T values, if measured by dynamic mechan1cal means,

would be somewhat h1g:er because of visco-elastic frequency-temperature
shifts. N o

Dynamic mechanical analysis of melt-compounded po1yaceta1/polyuiny1
phenol (PAc/PVP-7k) blends provided compe]ltng evidence for miscibility
‘within the amorphous phase. In Figure 3, the dynamic mechanicaf loss
tangent is plotted against temperature for blends of each composition. The

dominant feature of the mechanical spectra is a relaxation peak, the

magnitude and temperature of which increases steadily as the PVP content of
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the blend increases The identification of this thermal transition
with the glass transxtwn of the b]end fol]ows from the observatton
that the transitlon temperature steadﬂy approaches the .T,g of pure PVP
as the blend becomes r1ch in PVP. F1gure 4 demonstrates the near'ly
linear Tg-composutwn re'latwnsh\p wh1ch 1s both character1st1c and
dlagnosttc of a b]end system wh1ch 1s mscible [9] e
F1gure 5 shows loss tangent curves for two b]ends wh1ch contam h1ghv
" molecular weight po'lyvmy'l phenol (PVP 50k). In these cases the 1oss
tangent exhibits a very broad p'lateau Nevertheless, the approxmate
mid-point of the p'lateaus appear to follow the expected composition- Tg
‘ re]at1onsh1p as given in Flgure 4, suggestmg that perhaps equilibrium
' m1sc1b1'llty is being approached The me'lt processmg of these hlgher
molecular weight polyvinyl pheno'l blends was made difficult by‘ high
‘melt u'isco'sities :and, the rather narrow melt temperature window. which
these blends will tolerate. The dynamic mechani_ca'lv resu‘lts for all of

the blends which were studied are summarized in Table 2.
Melting and Crystallization Behavior

t'Thetpresent blend sjstem falls m’thin the class of miscible
s}emi~crysta'l‘ltne/amorph_ous b'lends. In such systems (e.g. PEO/PMMA,
PCL/PVC, PVF,/PHMA) it is typicat for the crystallizable component, if
present in an apprec1ab1e concentration, to be partitioned between a
pure crysta]hne and a m1xed amorphous phase [10-12] (and perhaps a
third phase, discussed later). The crystalline phase is affected by
changes 'i'n‘ the m’xed amo_rphous phase with which it 1is in

(pseudo)equilibrium. This effect is manifested by reductions of the
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~melting point:and-of the degree-of~crystallinity;r'INWthErpresent case
both: phenomena were observed. ‘ '

DSC thermograms, showing crystalline melting endotherms; are given
for blends of various composition in ‘Figure 6. <The ‘results -are
- summarized in Table 3. The enthalpies of melting upon:heating and of
~crystallization upon cooling at constant rate both decrease as PVP is
- added to the blend. Figure 7 shows the degree of crystallinity, which
: hgs been calculated from the melting enthalpies and normi]izéd:fdr'the
polyacetal content of the blend, plotted -against composition. The |
‘degree of crystallinity remains virtually constant up to a PVP content
of about 40 wt%. Upon further addition of PVP, the crystallinity of
the PAc . component is: greatly reduced. ‘Figure 8 gives the peak
temperatures of melting and of crystallization as a function of blend
. composition. Both are significantly reduced as the PVP content
increases. Thus crystallization is impeded in the ‘presence of the
amorphous component, which implies miscibility in the me]t;

It is known that the interaction strength in a polymer blend can be
quantified by an analysis of the equilibrium melting point depression
in the case where one of the components is crystallizable [13]. A
Hoffman-Weeks extrapolation of melting data is most frequently used to
obtain equilibrium melting temperatures. In the present case, however,
the data from Table 3 were used without extrapolation and were analyzed

using the expression of Nishi and Wang [14], given by:

(1/T) - (/T = LRV B (V)L I[8:0F - (1)
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The parametens,are'exp]ajned_in'Table-4;” In Figure 9, the left side
of the equation is plotted again#t the square of the volume fraction of
- the pdlymeric;di}uent,-which-is'PVP‘in‘thiswcase.:'The=voIUme~of PVP
within the aamorphous;,phaﬁe -was:calculated ' from: the blendvvweibht
fraction, the degree of crystallinity from DSC,'=and‘~theT=COmp0nent
densities in Table 1. : Although the melting data used are not
equilibrium values, the resultant plot, shown in Figure 9, exhibits
remarkable linearity over a broad range of rcdmpositioh.~' Thus  we
suggest that this slope reflects a useful estimate of the strength of
the physical interaction within the amorphous phase of the bTeﬁd;ﬁﬁThe'
“calculated Van Laar interaction parameter, B;,, is -10.7 cal/cm®, which
~ corresponds to a:Flory-Huggins interaction parameter, x,z,'o£5-1.25'at
the melting temperature, if we take the reference volume to be the
molar volume of one PVP repeat unit (see Table 4). These values are in
excellent agreement with those determined by the calorimetry of
mixtures of low molecular weight chemical ané]ogues, as discussed ‘in
the accompanying paper. Thus, we confirm in the polymer mixtures, as
in the analogue mixtures, that the blend interaction is relatively

strong and consistent with the hypothesis of hydrogen bonding.
Blend Morphology

The morphology of the blends was investigated by optical microscopy
of sections microtomed from the central region of compressibn molded
specimens. Figure 10A shows a micrograph of unblended polyacetal,
which reveals a rather disordered spherulitic structure typical for a

non-isothermally melt-crystallized polymer. In Figure 10B, an 80/20
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PAc/PVP-7k blend also exhibited this morphology. vHonerer, as Figure
10C demonstrates, a 50/50 PAc/PVP 7k blend exh1b1ted larger spheru11tes
“and a  very marked r1nged | texture 7 w1th1n _the_ spheru11t1c
:super structure Such a r1nged' ort'banded' texture arises from a
"regular and perlodlc tw1st1ng of crysta111ne lamellae as they grow in
' the rad1a1 direction [15] | o

Prev1ous stud1es of other semi- crysta111ne/amorphous polymer blends
wh1ch are known to be m1scib1e (e g. PCL/PVC and
PVFz/polybutyrolactone) have also shown the emergence of banded
textures within spheru11tes formed from the blends. _Thesevtextures
were not apparent in spheru1ites formed from the pure}semt-crystalline
component [16-18]. In these cases the ring spacing (periodicity) of
the bands tends to be a function of blend composition. Thus, the
morphology seen in Figure 10C may be an indicator of miscibility in the
melt state. Furthermore, the spheru11tes observed in the blends are
fully impinged and volume-filling 1nd1cat1ng that the amorphous
component becomes fully 1ncorporated W1th1n the spherulitic
super-structure. A detailed SAXS analysis is needed to determine
specifically how the amorphous component is arranged withwreSpect to
the crystalline lamellae. ‘

In a 30/70 PAc/PVP-7kzb1end, no evidence of spherulitic structures
or of optica1 birefringence could be detected. We attribute this to

the low level of crystallinity in this blend.
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Specific Volume

| Po]ymer b1ends wh1ch are m1sc1b1e as the result of strong spec1f1c
‘lnteract1ons often exhiblt negat1ve volumes of m1x1ng [19 20] That_
is, strong 1nteractlons promote shorter 1ntermo]ecu]ar distances at the
'expense of’ free volume. Thus, srgn1f1cant negatlve dev1at1on from
add1t1v1ty of specafrc volume in a polymer blend system prov1des an
1nd1catxon ‘of such 1nteract1ons In the present case of PAc/PVP
blends, we expect that strong 1ntermo1ecu1ar hydrogen bondrng will guve
rise to a negat1ve spec1f1c vo1ume of - m1x1ng

We define the spec1f1c vo]ume of m1x1ng, A Vm, as:

A Vo =_vblendb’ Videal | 2)

'where (vblend is the exoerimental soecific volume of the hiend and
videal.is the specific volume expected from perfect additivity of the
pure components, which is given by: | |

Vigeat = (D) + () (V3) (3)

1dea1

where w, and Vi correspond to weight fractions ;nd specifie‘volumes,
respecttve]y of pure blend components 1 and 2. In the present case,
the 'semi-crystailtne nature of ‘polyacetai complicates ourbyanalysis
because the specific volume of the“ polyacetal component depends
strongly upon its degree of crystallinity, which varies with the
composition of the blend. However, we can correct for this effect by

considering the measured degree of crystallinity (from Figure 7) and
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_ assuming that the corrected specific volume of the polyacetal component

.-in the blend: is:additive:

Ve m V) + V) @)

where the subscripts ¢ and a correspond to the pure cfysta11ine and
. amorphous . phases . of polyacetal. V. can be calculated from the
_crystalline unit cell and is reported to be 0.671 cm’/g [21,22]. For
- .internal consistency we ca]cu1ated»va‘by:solving equation 4 for Va’with
our measured data for the pure polyacetal “control. The resultant Va,
0.760 cm?/g, is in excellent agreement with published literature values
[21].

_In Figure 11, the corrected specific volume-of-mixing normalized

~_with respect to the ideal specific volume, A Vm/V 1> is plotted as a

idea
function of blend composition for PAc/PVP-7k blends. A1l the blend
“compositions exhibited a specific volume-of-mixing which waS'reasonab1y
large and negative in sign. The volume-of-mixing appeared to reach a
maximum absolute valve in the PVP-rich composition region.  These
,resu}tsiare~consistent with strong ‘hydrogen bonding interactions and

the resultant large, negative~va]ué of x,, for the blend.
Phase Compositions

Returning briefly to the re]atipnship between the glass tfansition
temperature and the blend composition, given in Figure 4, it may be

pointed out that the T_’s of the blends do not approach that of pure

g
polyacetal as the PVP content of the blend approaches zero. Such an

observation was made previously in the case of PVF,/PMMA blends
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[23,24], an analogous system ;kﬁownxato be both crystallizable and
miscible in the amorphous phase. In order “to rationalize this
Tg-composition relationship, one may invoke the model of Yoon and Kumar
who propose three phases for semi-cnxstalline p91ymers’in,genera1 and
for blends of this type in particular [25,26]. In addition to pure
crysta]]ine and mixed, truly amorphous. phases, Yoon .proposes an
interphase. This interphase is a disordered phase immediately adjacent
to the crystal in which molecular motion is strongly suppressed as a
result of the flux of chains which are anchored firmly to the crystal
sufface. ~The presence of this disordered yet immobile fraction is
_usefu] to. explain. many of  the characteristics of semi-crystalline
polymers and ‘their miscible blends.
 An important characteristic of this ‘interphase, in the case of
‘polymgr blends, is that it is unable to accomodate any added amorphous
component, even,Qheh the component is miscible -in the mobile amorphous
»phase, As a result, the mixed amorphous . phase becomes richer in the
| added miscible component than would be’ expecfed from a simple
; correctipn based upon the degree of crystallinity.
The present data for PAc/PVP blends can be described within the
framework of this theory if one assumes that the composition of the
truly amorphous phase can be approximated by fitting the measured glass

transition temperature td the Fox equation given by:

Ty (prend) = "1/ Tqr + Wa/Tye | (5)

where wi's are weight fractions and the subscripts denote the blend

components. We have used pure component Tg values of -6°C and +165°C
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ﬁﬂﬂjpr polyacetal and;golyviny]_phenol,frespectively.f%Then hy;subtracfing
_;hg.fractionrof,thevcrystalljneAphase,derived from DSC measurehénts,
one is left with an interphase fraction.

Figuré.lzﬁshows the calculated weight fraction of each ‘phase as a
-function of blend composition.. The fraction of crystalline material
drops off sharply .and the fraction.of mixed amorphous material rises
~.steeply as the PVP content increases. -However, the calculated fraction
of interfacial material (approximately -20%) ~ remains relatively
insensitive to blend composition. This result is similar to that found
for PEO/PMMA and other blend systems and is also expected from

theoretical considerations [27,28].
CONCLUSIONS

Miscibility of the polyacetal/polyvinyl phenol blend system is
evidenced by a single glass transition temperature, measured by dynamic
mechanical means, which is smoothly and strongly dependant upon blend
composition. The specific nature of the observed composition
dependance of the glass transition temperature was interpreted within
the framework proposed by Yoon and Kumar. | |

A significant melting point depression of the polyacetal crystalline
phase was observed, the maghitude of which suggests strong physical
interaétion in the blend. Further analysis yielded an approximate B,,
value of -10.7 cal/cm® and yx,, interaction parameter of -1.25,.which is
in good agreement with analogue calorimetry experiments performed on

model compounds.



34
“WRC 2436

- A substantial negative :volume-of-miking: Eﬁis-f‘*?uiéa'_sur‘éd”fOr-‘ blends
~-across . the full = composition: range, * suggesting strbﬁg”"phygical
interactions. ' ’ ﬁ
‘Spherulites found - in: bTeﬁdsﬁinw¥hé*ﬁhtermédiité@toﬁﬁoffifoﬁ range
were volume-filling and larger ‘than' those “found in pure polyacetal
. which was subject ‘to . the same ‘thermal ' history. ' Furthermore, a
“well-developed "banded” ‘texture was observéd-in blend spherulites which

~was not found in those of pure polyacetal. -
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Table 1. . Materials used in thisstudy. =~

- Designation  Description = ‘M.*
; PAcf N Polyacetal copoiymer -
- pYPLTK 'Polyvinyl pheno]l ,i 8700

M1 T,

- (-6°C) 170°C

17,700 183°C -

PVP-50k  Polyvinyl phenol 50,500 115,000 179°C -

.. -density

1.402 g/cm?
1.163 g/cm?
. 1.189 g/cm?

* GPC:in N-methyl pyrrolidone expressed relative tofpolystyrene;"

standards

" 'Table 2. Dynamic mechanical transition temperatures of PVP/PAc blends.

Composition  PVP MW e 8

(PVP/PAC wt/wt) .
0/100 - - 12sc -6°C
/90 7k 120°C 83°C
20/80 R [ - 92°C
/70 7k E 103°C
s0/60 K - 113°C
50/50 " - 132°¢C
70/30 R - 141°¢
100/0 7k too brittle
20/80 50k - 0 100°C*
40/60 50k -  le0%c
100/0 50k - ‘too brittle

* transition was very broad (plateau 70°C to 130°C).

T

-60°C
-57°C
-57°C
-56°C
-55°C
-53°C
-52°C

-58°C
-51°C
-52°C
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Table 3. Differential scanning ci}orimetry results for PVP/PAc blends.

» : -+ Heating , - Cooling ~
- ‘Composition PVP-MW - Tm A Hm - Tc fA Hc\i;
C(PVP/PAC WE/WE) (0 We) () W/9)
- 0/100 S 196 1718 1413 1447
20/80 7k 168.0  138.6 141.5 130.2
40/60 7k 162.4. . 100.3 133.4 o4
50/50 7k 158.8 7.2 81.4  26.2
30/70 7k 142.9  11.5 - 0.0
20/80 sk 167.2 137.5 138.7  120.8
- 40/60 50k 166.5 84.6 136.6 70.1

Table 4. Molecular parameters used for analysis of PAc/PVP blends.

Parameter Quantity Value
He Heat of Fusion of 9.79 kJ/mol* .
pure PAc crystals (326 J/g)
Vo Molar volume of PAc 20.1 cm’/mbl*

repeat unit in
crystalline phase

v Molar Volume of PVP 103 cm®/mol*
' repeat unit in
amorphous phase

. By2 Van Laar Interaction -10.7 cal/cm?
- Parameter
x{z Flory-Huggins Interaction -1.25

. Parameter (refered to
PVP molar volume)

* from or derived from data in-Refergnces 21 and 22
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Table 5. Specific volumes of PAc/PVP blends.

wﬁ,53,

~ (PVP/PAC wt/wt)

"”55/100 S e e

10/90
20/80
o
40/60
50/50
70/30
100/0
20/80
40/60
100/0

7k

/ S
7k

7k

7k

7k

50k
50k

50k

53

ST

“

43

12

Acm’/g)  (cm’/g)..

0713
0736
o

..0.774
. 0.806

- 0.860.

6;738";
- 0.767
0.841

. 0.713
0.728
0.742
0.757
0.772
0.790
. 0.827
0.860
0.739
0.770
0.841

ﬁfﬁi v

(cm’/g)

0004

-0.006

"20.012

-0.010
-0.016
-0.021

--0.001

-0.003
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CAPTIONS

1.

3.

4.

5.

6.

7.

10.

11.

12.

Diagram of the. extruder -screw design used for - melt

compounding throughout this study.

Dynamic mechanical spectrum of the unblended polyacetal
constitiuent. The three thermal transitions are labelled a,
B, and 7. " -

Dynamic mechanical loss tangent, tan delta, as a function
of temperature for a series of PAc/PVP-7k blends. .

Glass transition temperature as a function  of blend
composition. Blend T_’'s were determined from dynamic

‘mechanical measurementé{, whereas the Tg of neat PVP was

determined from DSC.

Dynamic mechaical loss tangent, tan delta, as a fuﬁﬁtion of
temperature for two PAc/PVP blends containing high
molecular weight PVP (PVP-50k).

DSC thermograms, upon heating at ZO'Clmin, for é'se}ies of
PAc/PVP-7k blends, showing melting endotherm of PAc
crystalline phase.

The degree of crystallinity of the polyacetal component as

a2 function of blend composition. The values were calculated

from DSC melting endotherms and normalized for polyacetal
content.

Temperature of melting (upon  heating) and of
crystallization (upon cooling) from DSC as a function of
blend composition.

Melting point depression versus the square of the volume
fraction of the non-crystallizable component (PVP-7k).

Optical micrographs of microtomed sections obtained from
compression molded samples and viewed between crossed
polars: A) 100/0 PAc/PVP-7k, B) 80/20 PAc/PVP-7k, C) 50/50
PAc/PVP-T7k.

Specific volume-of-mixing normalized with respect to the
ideal specific volume, A vm/videa]’ as a function of blend
composition.

Calculated weight fractions of crystglline PAc phase (Hc),

truly amorphous phase (W_), and interphase (Hi) as~ a
function of the total blend composition.
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Mis¢ible Blends Between Polyacetal and
a Styrene/Vinyl Phenol Copolymer
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MISCIBLE BLENDS BETWEEN POLYACETAL'AND A’ STYRENE/VINYL PHENOL COPOLYMER

J. M. Machado and R. N. French

- Shell Development Company
P. 0. Box 1380
Houston, TX 77251-1380
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ABSTRACT

Blends containing polyacetalA and a random sytrene-vinyl phenol
copolymer ConSisting of 35 mol% vinyl phenol segments were prepared by
melt mixing and found to exhibit miscibility within the amorphous phase.
The blends exhibited a single, composition-dependent glass transition
temperature as determined by dynamic mechanicﬂ measurements. Thermal
analysis revealed a significant 49pre_ssidn-.pf the melting point ‘and, in
'Vﬁéftéin cééés, tﬁe deg;ee of crysta])inity of the polyacetal phase upon

blending with the styrene-vinyl,phenq]_popp]ymer.
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INTRODUCTION: | |

In an earlier paper, ' we reported that ﬁbﬁ&aééféf;? or
poly(oxymethylene), is miscible in the amorphous phase“WithepryiVinyl
phenol)- [1]. Calorimetry-of-mixing studies performed on model compounds
~and analysis of melting point depression in the polymer blends indicated
that the interaction driving miscibility was very '§trdhg;“ yféidihg a
negative chi parameter on the order of unity in magnitude [1,2]. Applying
our model compound calorimetry results quantitatively with '5’ﬁ5%nary |
interaction model, we predicted that a random StYféne/vihy1&ﬁﬁhenol
. copolymer containing as little as 10% vinyl phenol segments coU]d exhibit
miscibility with polyacetal. .

The phase behavior of blends between hombpd]ymers.and>copo]ymeré,has
_been well studied both experimentally and theoretically. In theltases
where interactions are relatively weak and all COmpcnents~aré‘amorphous,
the binary interaction model, or modifications thereof, has been very
successful at describing the phase behavior of blends providing that the
segmental interaction parameter are known [3-6]. However, fewer studies
have been performed on homopolymer/copolymer blend systems in which strong
specific interactions are present or when crystallizable components are
involved. Hydrogen bonding is known to strongly drive miﬁcibility in
certain homopolymer/copolymer systems. For example, styrene/vinyl phenol
~ copolymers having as little as 2% vinyl phenol in the copolymer were fbund
to be miscible with poly(methyl methacrylate) [7,8].

The present paper considers melt-blended mixtures of a
semi-crystalline polymer, polyacetal, with a copolymer whose minority
repeat unit, vinyl phenol, is capable of strongly interacting with the

first polymer. The majority repeat unit, styrene, is non-interacting.
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Evidence for miscibility will be presented and the results are
ravt‘iona]iz-ed in terms of hydrogen bonding interactions.
EXPERIMENTAL

The -materials used in this study are.-described in Table 107 The
_ | polyacetal is ap_injectio’n molding grade copolymer (Celcon M-90) dbtaingd.
| from Hoechst Celanese (’.’C) .NMR revealed -,i_ts ethylene oxide content ‘to be |
2-3%. The styrene/viny_] phenol cobol-ymer' (S-VP) was: also obtained from
| ’:Hoéchst Celanese. 'H and '°C NMR verified thai: its composition was 35
‘mol% VP (37 wt% VP). |
| ~ The blends were prepared by melt compounding of p‘re-dH'ed powder
blends using a laboratory scale 15 mm Baker—'Pef-kins ,co-tr"otrating‘t'-win.-'é,'crew
extruder. A barrel temperature of 240°C and screw rotation speed of 300
RPM were maintained .thi'oughout. Compounded blends were compression molded
at a temperature of 230°C.

Dynamic mechanical testing was performed using a Polymer ‘Iz-&bératbries
DMTA operating in the single cantilever beam mode at a freQuentfyof’iO Hz
and a heating rate of 3°C/min. Differential scanning calorimetry was
performed using a Seiko RTC 220 using heating and cooling rates of 20
*C/min.
RESULTS AND DISCUSSION

The dynamic mechanical spectrum of the pure polyacetal constituent
(PAc) is shown in Figure 1. As discussed in an earlier pa‘hér,' we
associate polyacetal’s relatively weak beta transition at -6°C with the

glass transition of the amorphous phase [1]. The pure styf’éne-vinyl
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~‘phenol copolymer (S-VP) was too brittle for dyhéﬁic‘hééhahical analysis.
- However, DSC analysis clearly showed thét‘tﬁé}amofphous cbpblymervéXhibits
a glass transition at 125°C. o ' |

The dynamic mechanical spectra of two PAc/S-VP blends are shbﬁn in
Figure 2. Figure 2A shows 2 blend containing 20% S?VP EbpoTymer which
exhibits a peak in the loss tangent Centeréd ér6und 88°C. }f%gure 2B shows
" a blend containing 40% S-VP copolymer which exhibits a single peak at

109°C.  The association of these peaks with the glass transition of the

... amorphous phase of the blend follows from the ‘observation that they

increase in magnitude and approach the Tg of pure S-VP as the cdpo]ymer
content increases. Furthermore, the magnitude of the drop in étorage
modulus which s associated with this transition increases as the amount
~of copolymer in the blend increases. |

Figure 3 plots the glass transition temperatures of the PAé/SéVP
blends versus blend composition and compares these ’resulté to data
reported previously for polyacetal blends “with poly(vinyl phenol)
~ homopolymer [1]. The plots are similar with the exception that the Tg
values- for the copolymer-containing blends are s]ight]y Tower than those
. of the homopolymer-containing blends to a degree that is consistent ﬁith
. the lower Tg of the copolymer compared to that of the vinyi phenol
homopolymer. Thus, we conclude that both blend systems are miscible in
the amorphous phase. |

Differential séanning' calorimetry was performed on the blends in
order to.examine the effect that the added copolymer exerts on the mé1t5ng
behavior of the crystalline polyacetal phase. In a pfevious paper, we
showed that the melting point of polyacetal was depréssed'by blending with
pol(vinyl phenol) homopolymer (PVP). The results for the present blend

system, PAc/S-VP, are summarized in Table 2. Figure 4 demonstrates that,'
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as the copolymer content of the bTend increases, both the melting. point
(ubon héating)iénd_the temperaturg of crystallization (upon: cooling) are
sigﬁific#ﬁtly dépressed; This result is consistent with miscibility in
the melt. state. _ ‘ _

The aﬁprokimate crystal1inity of . the present blends was calculated
Based upoﬁ‘the measured‘enthalpies of melting, therblend'compos{tions, and
the repofted heai-of-fusion of po]yoxymethy]enekcry§tals-(326,J/g).[9].
The crystallinity 6f the polyacetal component is given in Table ‘2. The
| crystallinity of’the'polyacetal_component of the blend was less than that
of the ﬁeat PAc central only when S-VP was the major component of the

blend. | ' ‘
o The observation of intermediate glass transition: temperatures  and
ﬁe]ting péint depression relative to the pure blend constituents clearly
indicates miscibility in the present system. PVP. homopolymer was
previously shoﬁn to be miscible and strongly interactive with polyacetal,
whereas polystyrene hpmopolymer is immiscible with polyacetal. We propose
that miscibi]ify in the present blends is driven to a lesser extent by the
| so-called "copolymer effect" (the repulsive interactions between styrene
#nd vinyl phenol segments within the copolymer), and to-a greater extent
by strong hydrogen bonding interactions between phenol moieties in S-VP
ahd ether units in PAc.
CONCLUSIONS

Blends containing a commercial gradé polyacetal and a styrene-vinyl
phenol cbpo]ymer containing 35 mol% vinyl phenol segments were prepared by
melt compounding. Miscibi]ity in the blends was evidenced by a single
glass transition at temperatures which were dependent upon composition and

intermediate between those of the pure blend constituents. Thermal
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‘analysis revealed crystallinity in the blends. A signifiéiﬁtfaéﬁrésgibh of

“the melting point of the crystalline component as the amorphous copolymer

" content increasedrpfOVided'furthef'indiéaiidﬁ of miscibility.
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FIGURE CAPTIONS

Figure 1.

~ Figure 2.

Figure 3.

Figure 4.

Dyngmiclmeghqqicg}}storage,moqglus,,E'g,and"iossbtangen;;atan'

6,.a§_a fungtigg_qfvtemperapure.at:a\frequencyaof 10 ‘Hz for

the unblended polyacetal constituent.

Dynamic mechanical _storage. modulus ad .loss tangent versus

tgmpefqtgre. at 10 .Hz frequency for: a) an 80/20.  PAc/S-VP
blend; and b) a 60/40 PAc/S-VP blend.
Glass trangitiogv% temperature as a function of blend

ComPOSitian for: a) PAc/PVP. homopolymer  blends ‘and; b)

vaA;/S-VP copolymer blends.

Melting temperature upon heating, Tm, and crystallization
temperature upon cooling at constant rate, Tc, as a function

of blend composition for PAc/S-VP blends.
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“DESIGNATION| MATERIAL | COMPOSITION | Mn* | Mwe To Tm
" PAc Polyacetal | 2-3% Oxyethylene | . - - | e 17000
CELCONM-=%0 " |
S-VP Styrene-Vinyl 35mol% VP | 37,200 | 80,900 | 125°C .
Phenol Copolymer . '
* GPC In NMP expressed relative to polystyrene standards. ’
Table 2. Thermal Analysis Results
Tm AHm Te AHc Crystallinity*
Sample (°C) (J/S) (%)
PAC | 169.6 171.8 1413 144.7 53
80/20 PAC/S-VP |  166.3 1386 139.7 123.9 53
60/40 PAC/S-VP |  162.8 96.0 1231 73.8 49
40/60 PAC/S-VP 154.1 52.4 72.8 232 40

*Normalized with respect to PAc content of biend
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62182. CARILON® Polymer - Applications

Polyketone/Polyacetal Blends Contnmng a Mutua]'ly M1sc1b1e Thn'dr

Polymer - ‘
J.M. -Machado and C S. Lee -

Poly(vinyl phenol) is miscible in the melt and in the amorphous
phase with both polyketone and with polyacetal. To some extent, poly(vinyl
phenol) can perform as a compatibilizer for ' the - immiscible
polyketone/polyacetal blend system, yielding blends with improved tensile

strength and finer domain size. However, the ductility and impact strength L

of these blends are rather poor.
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62182. . CARILON0 Po]ymer - App]lcatmons

'Polyketone[Polyaceta1 B]ends Conta1n1ng a Mutua]ly M1sc1b1e Thlrd
~ Polymer » .
J M Machado and C. S Lee

~ INTRODUCTION | | -
CARILON® po]ymer and 'p01yacetdl “are’ both - semi- crystal]ine

. éng1néer1ng thermoplastics ‘with fairly similar property ‘sets. ~Thus, the
' driving force to develop a compatible blend of these two po1ymers is not

"very great. Nevertheless, earlier blending ' studies -have . shown that
poly(vinyl phenol) is miscible in the melt and in the amorphous phase with
" both of these polymers, suggest1ng that a strategy for compat1b111zat1on may

" be readily at hand [1,2].

The notion that the addition, to an immiscible polymer b]end, of a
third polymer which is miscible with both, improves compatibility might seem
intuitively reasonable.  Nevertheless, the mechanism by which

~compatibilization would occur is not altogether clear and this type of
compatibilization 1is- not well documented in ‘the 1literature. Thus, . the
present case provides one opportunity to test this hypothe51s and: examine
the efficiency of this compatibilization strategy. Therefore, in this work,

we will look at poyketone/polyacetal blends and investigate the effect that
adding minor quantities of poly(vinyl phenol) has upon the morphology and
mechanical properties.

EXPERIMENTAL

The materials used in this study are CARILON® polymer P-1000/2,
CELCON M-90 polyacetal copolymer, and poly(vinyl phenol) homopolymer
obtained from Hoescht-Celanese with a Mw of 50,500 by GPC in NMP. Blends
were melt compounded on a 30mm Haake co-rotating twin screw extruder.
Specimens for mechanical testing were injection molded using an Arburg
Allrounder and maintained in the "dry as molded" state prior to testing.
Morphology was investigated by scanning transmission electron microscopy of
RuD4-stained sections which were microtomed from molded bars.

RESULTS AND DISCUSSION

Blends were prepared having polyketone/polyacetal ratios of 75/25,
50/50, and 25/75 and poly(vinyl phenol) contents of 0, 1, 3, and 10 pph.
The poly(vinyl phenol) content is expressed per one hundred parts of PK/PAc
blend so as to show that the PK/PAc ratio in the blend is held constant.
The results of mechanical and notched Izod testing are given in Table 1.

Overall, the results demonstrate some level of compatibilization
which unfortunately is partially masked by the deleterious effects that the
"compatibilizer" has upon the two major blend components. For example,
Table 1 shows that as PVP is blended with polyketone elongation at break and
Izod impact strength decrease. Likewise, as PVP is blended with polyacetal,
tensile strength, elongation, and notched 1Izod are all reduced
significantly. However, as PVP is added to polyketone/polyacetal blends,
properties are improved in some cases. For example, Table 1 shows that for
75/25 and 50/50 PK/PAc blends, tensile strength is improved by as much as
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20% upon adding poly(vinyl pheno*‘ '%zod values are not improved, however.

Figure 1 demonstates thws tendency towards compat1b1llzatlon by
‘plotting tensile strength versus PK/PAc ratio in. the absence and presence of
PYP. In the absence of PVP, the plot exhibits ‘a concave shape which is
characteristic of an 1ncompat1b1e blend. In the presence of PVP, the plot
shows a convex shape which is characteristic of a compatible system

; Microscopy studies provide more evidence for compat1b11ization.

Figure 2 shows mlcrographs of -50/50 PK/PAc blends with and without PVP. The
addition of PVP results in a. 51gn1f1cant decrease in doma1n size consistent
with compatibilization. This domain size reduction is somewhat less than
what would  be expected - from an ideal block copolymer compat1b1ltzer,
however. The addition of the PVP also causes a qualitative change in the
morphology, in which the dispersed polyacetal phase takes on.a more ske]etal
structure giving the appearance of a bi-continuous morphology in the

compat1b11tzed blend.
CONCLUSIONS

There is some. ev1dence, based on observation of ten311e strength

and blend morphology, that poly(vinyl phenol) is capable of compatibilizing
polyketone/polyacetal blends. Unfortunately, the blends did not exhibit
high levels of ductility and impact strength expected from a compatibilized
- system which can be rationalized in 11ght of the extreme br1tt1eness of
poly(vinyl phenol) homopolymer. , : . ,

REFERENCES
1) J.M. Machado and R.N. French, Polymer, in press.
2) D.L} Handlin, U.S. Petent 4,812,522.
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Table 1. Mechanical properties of po]yketone/polyacetal/poiy(viny1 phenol)
blends.

PK PAc PVP Tensile Strength* Elong. Izod

(parts by weight) (psi) (%) o (ftf]b/in)
0 o0 .0 8750 329 5.2
w0 o 10 es0 23 2.4

75 25 0 Ce0 . s 3.0
75 25 3 8840 38 2.0

75 25 10 9002 100’ 1.8

50 50 0 7570 8 1.1

50 50 1 7720 10 1.1

50 - 50 3 7240 '8 1.0

50 50 10 9250 10 0.6

25 75 0 8260 14 0.7

25 75 3 8130 8 0.6

25 75 10 8040 , 5 0.6

0 100 0 8710 25 1.3

0 100 10 6540 4 0.5

* for samples which yield, the yield stress is reported here
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ﬁFlgure Captlons

Figure 1. Tensile strength versus polyketone/polyacetal ratio in the
- presence and absence of poly(v1ny1 phenol) compat1b1llzer

Figure 2. STEM micrographs of 50/50 polyketone/po]yacetal b]ends with and
w1thout_10 pph poly(vinyl phenol).
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